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PEACER Design FocusPEACER Design Focus
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System Design Parameters System Design Parameters 

Thermal Power [MWth] 1,560 Cycle Length [day] 365

Electric Power [MWe] 550 Capacity Factor [%] 90

Thermal Efficiency [%] 35 Fuel Composition U-TRU-Zr
(57.2-31.9-10.9)

Coolant Pb-Bi Smeared Density [%] 67 (≤73)
Control Assembly B4C Enrichment Zones 2

EFPD [day] 330 Cladding Material HT-9



Reactor Core DesignReactor Core Design

Tc loading, 15 cm high
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ProliferationProliferation--ResistanceResistance
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EnvironmentEnvironment--FriendlinessFriendliness
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AccidentAccident--ToleranceTolerance
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• Peak power density is low at 50% of the current Na-cooled reactor
• Peak power density decreases with fuel volume fraction



Transient AnalysisTransient Analysis



Analysis DomainAnalysis Domain



Problem DefinitionProblem Definition

Loss of Heat SinkLoss of Heat Sink

Core

106.12 ton/s
(Fixed)300

400 360

197
(Fixed)

808.1 kg/s

Reactor tripped when 
the secondary flow is 

reduced to 80%.

The secondary pump tripped, 
and the flow is coast down 

according to the pump 
characteristic curve.



Temperature TransientTemperature Transient



Design ShakedownDesign Shakedown



PEACERPEACER--300 Design300 Design

850 MWth (300 MWe)1560 MWth (550 MWe)

17x17 (252 assemblies)14x14 (360 assemblies)

Bucket ShapeCylindrical Shape

Natural Circulation and
Reactor Vessel Aux Cooling System

Natural Circulation

PEACER-550 PEACER-300
Thermal PowerThermal Power

Fuel AssemblyFuel Assembly

Passive Safety SystemPassive Safety System

Steam GeneratorSteam Generator



Schematic of Steam GeneratorSchematic of Steam Generator

Geometry Design Value

Pressure [MPa] 8
3

Number of Tubes per Unit 9,853
Tube Length [m] 5

P/D, Tube Outer/Inner Diameter [mm] 1.2, 20/16
Mass Flow Rate [kg/s] 19,353

Feedwater Mass Flow Rate [kg/s] 146

Number of Loops



PEACERPEACER--300 Primary System 300 Primary System 



Thermal Limits of Guard VesselThermal Limits of Guard Vessel

The ASME CodeThe ASME Code
The ASME Boiler and Pressure Vessel Code 
Section III, Division 1, Section NH (Class 1 
Component in Elevated Temperature Service)



Air Cooling System LayoutAir Cooling System Layout



Water Pad System LayoutWater Pad System Layout



Decay Heat TransientDecay Heat Transient



Air Cooling System EfficiencyAir Cooling System Efficiency

Design Limit



Reactor Vessel Outer TemperatureReactor Vessel Outer Temperature



Reactor Vessel Inner TemperatureReactor Vessel Inner Temperature

Design Limit



Subchannel AnalysisSubchannel Analysis



Region of Interest (3x3)Region of Interest (3x3)



MATRA Calculational Results (3x3)MATRA Calculational Results (3x3)
Coolant channel exit temperature distribution
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CFX Numerical Results (3x3)CFX Numerical Results (3x3)
• Coolant temperature on fuel rod surface and at boundary

– (a) Coolant temperature on fuel rod surface
– (b) Coolant temperature on a skeleton surface
– (c) Coolant temperature at symmetry boundary

(a) (b) (c)



CFX Numerical Results (3x3)CFX Numerical Results (3x3)

• Coolant velocity on fuel rod surface and at boundary
– (a) Axial velocity distribution on fuel rod surface 
– (b) Axial velocity distribution at symmetry boundary

(a) (b)



CFX Numerical Results (3x3)CFX Numerical Results (3x3)
• Temperature and velocity distributions in a horizontal section at z 

= 0m (inlet)
– Similar temperature and velocity profiles on each fuel rod except skeleton



CFX Numerical Results (3x3)CFX Numerical Results (3x3)

• Axial velocity distribution at center of subchannel



CFX Numerical Results (3x3)CFX Numerical Results (3x3)
• Axial temperature distribution at center of subchannel 

Temperature Distribution
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Region of Interest (17x17)Region of Interest (17x17)



MATRA Calculational Results (17xMATRA Calculational Results (17x17)17)

Coolant channel exit temperature distribution
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MATRA Calculation Results (17xMATRA Calculation Results (17x17)17)
Fuel rod maximum temperature distribution
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Scaling AnalysisScaling Analysis



PEACER Primary SystemPEACER Primary System



Pressure Loss in PEACERPressure Loss in PEACER

Pressure Loss According to
Thermal Center Difference

Pressure Loss According to
Mass Flow Rate



Natural Circulation Capacity of PEACERNatural Circulation Capacity of PEACER

Heat Removal According to
Thermal Center Difference

Heat Removal According to
Mass Flow Rate



Scaling AnalysisScaling Analysis

Continuity Momentum Equation
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Design Parameter PEACER HELIOS

Richardson Number 14.80 14.80

Friction Number 29.5 7.5

Thermal Center Difference [m] 8 8
Velocity in Core [m/s] 0.199 0.199

ΔT [℃] 55.4 55.4

Thermal Power 156 MW 9.3 kW



HELIOS Primary System P&I DHELIOS Primary System P&I D

Heater

Pb-Bi Pump-07

Pb-Bi

400 ℃
6.83 kg/s

Temperature,

Flow sensor

OCS

Storage

2 tube-20 mm dia.

2 m long

Gas Injection System

Level buffer (& 
impurity control)

8 m height

Impurity control-06

vent

Bottom tray

Orifice-05

flange

vent

Temperature,

Flow sensor

All 2” pipe with 
insulation jacket 
heater

Core mockup system-02
Storage system-01

Cover gas system-03

HX system-04

P

P

P

P

P

PPressure gauge

Ar injection

Ar injection

300 ℃
6.83 kg/s

Ar injection

bypass

Bypass



HELIOS DesignHELIOS Design

Initial Conditions

Parameter PEACER HELIOS
Number of Loops 2

9.4371
Hydraulic Diameter [m] 0.01703 0.0271

8

1
Flow Area of Core [m2] 0.0020

Thermal Center Difference [m] 8

Natural Circulation Results

Parameter Value
Decay Power [MWth] 156

Mass Flow Rate [kg/s] 19,237
Temperature Difference [K] 55.4

Velocity in Core [m/s] 0.199



HELIOS Schematic DiagramHELIOS Schematic Diagram



Heat Transfer MechanismHeat Transfer Mechanism

Heat Exchanger Design:

Log-Mean Temperature Difference
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Subchannel AnalysisSubchannel Analysis

Step 1

General Friction Factor
-Core & SG: Square Lattice 

Mixed Convectional Friction Factor

Step 2

Core: Square Lattice
Heated Upward Flow

SG: Triangular Lattice
Cooled Downward Flow

Core SG



From CAD to CFXFrom CAD to CFX

CAD Modeling

Importing

Meshing

Heating Region



Solver Boundary Condition Solver Boundary Condition 

Inlet Boundary Condition
- Mass Flow Rate: 6.83 kg/s

Outlet Boundary Condition
- Mass Flow Rate: 6.83 kg/s

Heating Source
- Heat Flux: 3183 kW/m2

Iteration Number: 1000

Residual: 0.00001



Result Result -- VelocityVelocity
Vector

Streamline



Result Result -- PressurePressure

Pressure Gradient

Local Area Pressure

Sudden Expansion



Result Result -- TemperatureTemperature

Outlet: 400℃

Inlet: 300℃


